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INTRODUCTION 


Progressive mine management is placing increasec emphasis on improved 
ventilation as a contribution to better safcty, health, and productivity of 
mincrs, Management is on the alert for means of bettering the working cnvi- 
ronment by increasing the flow of air and distributing it more effectively to 
the working places, having in mind the neccssity of avoiding exorbitant ven- 
tilation ccsta, A basic neee in planning betterments of this kind is knowledge 
of existing rates of flow and air pressw'es, information that is supplied 
throuzh ventilation surveys. 


Some companies make partial surveys from time to time, but few make can- 
plete surveys on a routine basis. This report describes the practice of a 
large British anthrecite-mining company, which operates 24 collieries in South 
Wales, in carrying out a routine program of ventilation surveying. Ventilation 
characteristics and climatic conditions in the working places of its collieries 
are determined at frequent intervals with a view to increasing the effectiveness 
of ventilation and protecting the health of workers. It is thought that many c? 
the points of the procedure used in making the surveys and in compiling and 
reporting the results will be applicable to American practice and that a dis- 
cussion of the program may be helpful to colliery manegers who are planning 
Bimilar work, 
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PRACTICE OF A BRITISH COMPANY 


The British anthracite-mining company in question employs about 11,500 
men, 9,000 of wham work underground, Its mines are deep, and many are charac- 
terized by long, irregular passages, Effective temperatures in working places 
range from the high 50's to the low 70's (°F). Prime objects of the program of 
ventilation surveying are to indicate need and means of better coursing of the 
air through mine passages and to improve conditions as related to the atmosphere 
in which the men work, Surveys are made by men who are qualified in industrial 
hygiene and mine ventilation, The staff includes two senior mining enginecrs 
and six mining-degree men who work full time under a camittee of company 
executives, 


The ongineers divide thcir time almost equally between field and office 
tasks. It takes about a weck to make a combined ventilation and environmental 
survey of a colliery, 10 of the company's 24 mines being surveyed every 4 months; 
14 cvery 6 months.. This report deals primarily with the ventilation. surveys. 


Ventilation Surveys 


Measurement of rates of flow and pressure losses in mine passages and 
complementary determination of envirormental conditions in the working places 
constitute two principal phases of the surveys. For the first phase, various 
circuits are selected, each of which traces the flow of a major current frm 
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its source to its terminus or sink, Typical sources are the bottom of a down- 
cast shaft and a point of eplitting one current into two or more currents. 
Typical sinks include the confluence of two or more splits and the bottam of 
en upcast shaft. A circuit is surveyed by establishing a series of measuring 
stations at intervals not to exceed 300 feet along its passages and by deter- 
mining the cross-sectional area and the ventilation characteristics at each 
section, The principal ventilation characteristics that are measured at each 
section are rate of air flow, or quantity in cubic feet per minute, and air 
pressure as a differential in inches of water from. an arbi trary datum. 


Methods of Heshurenant 


‘The rate of flow is measured by traversing the cross section with a - 
rotating vane anemameter to determine average velocity as a step toward com- 
puting the quantity in cubic feet per mimute. Water gage is determined with 
reference to a chosen datum by making differential pressure measurements along 
the passages from station to station, ueing flexible hollow tubing for pressure 
transmission and inclined U-tube manameters for pressure readings, Pressure - 
differences may be indicated directly in inches of water or converted to inches 
of water by calculation, according to the type of gage used, Successive pres- 
sure drops are cumulated to give the, total difference above or below datum for 
successive points, 

: Prossure Datum 

The ventilating fans are operated exhausting, so ‘the pressure is less 
than atmospheric throughout the mines, . Although atmospheric pressure would ~ 
be @ desirable datum, the pressure at the bottom of a downcast shaft is fre- 
quently chosen in preference to atmospheric datum to obviate measuring the 
loss of pressure in the downcast shaft, a difficult and costly task. As a 
consequence, the calculated pressures at individual sections are not numer- 
icclly related to atmospheric pressure. Rather,.they differ from.atmospheric . . 
by the undetermined pressure Loss in the sheft. 


When referred to a single datum, the pressure secu of a survey give an 
interrelated pattern of pressure throughout the ventilation- system between the 
bottan of the downcast shaft and the bottom of the upcadst shaft. It would be 
desirable to include shaft resistances and fan performance, thereby completing 
the survey of. the ventilation cycle from the atmospheric source of the intake 
air to its return to the atmosphere beyond the fan outlet, but the difficulty 
of surveying the ventilation characteristics of the shafts is so great as to 
make it infeasible to include shaft. work in routine surveying, Thus, the sur-- 
veys. ‘represent @ working compromise ‘between the ideal of portraying the com- 
plete movement of the ventilating currents from their atmospheric source 
through the main passages, through the fan or fans, and back to the atmosphere, 
and the necessity of. ideas reliable data on the underground flow speodily and 
at reasonable. cost. . 


s) 


Direct Pressure Measurement 


Committee engineers favor dircct measurement of. pressure Sane with Gibing 
and inclined manometers over indirect. determination with aneroid barometers, 
because the direct method gives more reliable results, Use of aneroid baro- 
meters is considered to require unusual skill and application of uncertain 7 
corrections for variations’ in atmospheric pressure,: temperature, and altitude . 
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of the instrument. Aneroids are thought: to be suitable for mapping broad out- 
lines of the ventilation characteristics of a mine but not tobe adapted to the 
detailed work that is needed for comprehensive surveying, a prime obstacle to 
their use being the necessity for determining altitude at each point of obser- 
vation, This is obviated in the direct methed by connecting successive points 
along the passages with tubing and reading the pressire drops between points. 


Both methods depend for accuracy on constancy of flow within the colliery, 
This is an unattainable ideal, particularly when the mine is working, so each 
pressure reading must be observed over a period of minutes to determine its 
normal range, and each velocity measurement must be repeated to gage its con- 
stancy.. As & survey may extend over several days, there is little remedy for 
variations in flow but to assume that the characteristics of each circuit were 
essentially uniform throughout the survey period ‘and to be alert for abnormal- 
ities, When irrogularitics are found, they can usually be counteracted by 
waiting for return to normal flow, It is preferable to make ventilation sur- 
veys while the mine is idle, but 1t is not always possible to do this. 


Typical Survey 

Results of a routine survey will be reviewed as an example of the wark 
the committee is doing, Nine underground air circuits were established, and 
177 stations were used in making observations. The report of the survey is 
based upon the mine map, which is marked to show direction and rate of air 
flow at all points. The cumulative depression below datum is given for cach 
measuring section, and the rate at which the pressure falls along each circuit 
is indicated by marking the passages with a, Deo ber for each loss of 0, 1 
inch of water in total pressure, 


Representation of Pressure Losses 


- Figure 1. is a Senticey of the ventilation map that + was prepared fram the 
survey of the mine, The heavy bars represent successive drops in pressure of | 
0.1 inch of water, Where the pressure drops at a moderate rate along the 
passage, the bars arc well separated, as they are fram sections 11 to 43; but 
where the pressure drops rapidly, ‘the bars are close together, as from sections 
46 to 47,. In the former circuit, the spacing of the bars represents intervals 
of. 1;700 to 300 feet in the mine, but in the latter circuit (46-47) it corres- 
ponds approximately with 50-foot "intervals. This indicates that the resistance 
of the 46-47 passage to flow of air is several times as high, for equal distance! 
as that of the 11-43 passages, but direct comparison between the resistances of 
two passages cannot be made fran-the spacing of the bars unless the passages 
are transmitting equal currents, because pressure drop is dependent on rate of 
flow as well as on the physical characteristics of the passage, Thus, assume 
that two passages, A and B, of equal length offer equal resistance to flow. . 
If B were trenemitting twice as mch air as A, the bars on the mapped pro jection 
of B would be only a fourth as far apart as would the hars on the projection of 
A, because the pressure drop varies as the square of the velocity, Hence, other 
factors being equal, four times as many bars representing 0O.l-inch pressure ¢o? 
would be included in passage B as in passage A, In the case at hand, the rate 
of flow past section 12 (ca, 17,000 c.f.m.) is about 25 percent less than that 
through section 47 (22,700 c,f,m,), so the bars would be roughly 50 percent 
farther apert in the neighborhood of section 12 if the two passages had the 
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Figure 2. - Chart of characteristics of a ventilation circuit, a portion of which 
is shown in figure |. (Numbers in parenthesis following curve desig- 
nations refer to columns of table ! as source data. ) 
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same specific resistance to air flow, However, the bars are several times as 
far apart near section 12 as they are near section 47, which means that the 
passage near section le is appreciably better as an air transmitter than that 
near section 47, This is borne out by column 13, table 1, which shows the 
specific resistance of the passage at 12 to be 5.0, whereas at section 47 it 
is 37. Thus, the bars present a graphic indication of the rate at which 
pressure drops along each passage, but they do not indicate comparative spe- 
cific resistances of the various passages, because the rate of flow varies 
from passage to passage. The bars serve only to point out zones of rapid 
pressure drop, a condition that may arise fran high rate of flow or from 
high resistance to flow, or both. Each such zone must be examined to deter- 
mine the source of its pressure losses - whether they are dominantly from 
transmitting a large quantity or from bad physical conditions, such as re- 
stricted cross-sectional area and rough surfaces, which result in high 
resistance to a given rate of flow. For example, the worst zone of figure 1 
from the standpoint of pressure drop is from sections 96 to 98, where the 
drop averages 0.48 inch of water per 100 fcet of air travel. This is an 
excessively high rate of loss, but scrutiny of the map discloses that the 
zone is made up of two parts, one (96-97) of which transmits 39,000 cubic 
feet per minute and the other (97-98) 66,800 cubic feet per minute. It is 
evident that relief from the high resistance of both passages is needed, 

but that 96-97 is in worse shape as an air conductor than 97-98, because the 
former passage shows a comparable rate of pressure loss for a substantially 
lower rate of flow. This is borne out by the specific resistances of these 
zones - 28,2 and 11.4, respectively. 


Zonal Resistances 


Data for cach circuit are tabulated in detail in the survey report, as 
shown in table 1. This table covers an air circuit known as “Lock and Key" 
circuit, most of which is shown on figure 1. The parts of circuits repre- 
sented in this figure follows: 


s. | | | Stations (inclusive numbering 


Circuit In circuit In figure 
Look and Key. ceccsocccncvcccer 1-48 11-48 
Main west side. @erve eoccesoses 49.98 49-98 


| 
Old lower vein. Re | 99-116 103-116 
Between upcast shafts....e.ee- | 171-177 176-177 


The essential characteristics of flow from table 1, columns 3, 5, 7, and 
9, are shown graphically in figure 2, which visualizes the relationships among 
rate of flow, cumulative pressure drop, resistance, and air horsepower as 
functions of location in the mine. 


Table 1 shows the resistance to range up to 140.5 Atkinsons per thousand 
feet, whereas the better passages have resistances less than 10 Atkinsons per 


thousand feet. Table la supplements table 1 by supplying data on the ventila- 
tion characteristics of the high-resistance zone (96-98) previously referred to. 
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The ‘Atkinson te need: by British engineers to compare. goutstends of equal 
lengths of different passages at.equal volumetric ‘rates of flow, but its use 
is clouded by two definitiong that lead -to different values. The unit used 
‘by committee engineers is the resistance that will require a pressure of 1 
pound per square foot (0.192 inch of water’) to ‘pass 1,000 cubic feet of air 
per second, The other Atkinson is based upon @ rate of flow. of 100,000 cubic 
feet of air per minute instead, of. 1,000: cubic’ Feet per second. Its. use leads 
to values 2 ‘78 times as great as.the. ‘values shown in tables 1 and la. 

The Atkiness is not used hy aise ions engiieers. : In its eines resistance 
factor has: been recommended. It is defined-/ as the resistance, in inches of 
water, that a passage presents to. the flow of 100,000 cubic feet per minute. 
The term "specific resistance" is, suggested for’ the resistance to'a flow of 
100,000 cubic feet per minute per. thousand feet of air travel. .It is compiled 
in table 1; ‘where the specific, resistance ranges from 1 to 75. and averages 15. 
In the high-resistance Zone (96- 98), thé ‘range was. from 11.4 t0.28.2, with an 
average of 18.7. Specific reeistance is. haivevnerics 6 ta the Atkinson, 
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Rates of ‘flow. and methane content” oe mje etatiGns in the circuit are 
reviewod in table 2, whereas the physical characteristics of the passages are 
covered in an additicnal acta ‘of which eROEe 3 represents ae of the 
sass ees for circuit A.- 1, . 


It is interesting to aes that currents. are. Stee ae: en the wap (fig. 1) 
as intake currents until they have left the Iast productive plate, although 
they-may acquire an appreciable methane content in the early producing | sections 
through which they pass.. Under this scheme, partly contamtnatéd ' air is classi- 
fied as intake air. This suggests need for a third-type desigridtion, such as 
intermediate air, to indicate currents that have ventilated some working places 
but aré still fit. and used for ventilating. other places before ‘they are passed 
ane roturn-air aan 
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mixtures. Danger points eich as these are delineated by the survey maps and 
accompanying reparts,’.. The latter discuss excessive methane content, where. 
encountered, and suggest remedies. The. ites also go into the neg topic 


ero @ &  * 


of rates of flow paet station 13 (fig. te , where ‘leakages of 7: '000 ‘and 2,000 
cubic feet per minute are cited, and in treating panel 18-23, in which a 
methane conccntration of 1.75 percent was found, The report points out that 
this dangerous gas condition could easily be remedied by improving the coursing 
of the air. 


a Te ad 
3/ McElroy, G. E., Engineering Factors in the Ventilation of Metal Mines: 
Bureau of Mines Bull. 385, 1935, p. 72. 
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TABLE 2. - Ventilation quantities and percentages of methane — 


Bottom of downcast shaft. eeeoece ° eee oe oe ae ee 


East side pit bottom. ..ccceccsveecvlecessece|- , °° 1 4-48,200 “| - 
West side LG DOLL. 4% sas ies whee eeeedcaces - 49. 61,900 = 
East side pit bottom, level beyond top of . {| - | dl | 

east O19 oo sdewweess boasee eee a eb wees cue a 2 40,200 — 2 - 
Split. to Lock: and Key OLS tr 1C Ui civiwss sawiens 620: ss. ; 3 i 2h. 900 : 7 
On Lock and Key main intake near entrance to 2? ’ 

return Leveliasncsscuceeadaceas sancessuee) 13 17 ,500 = 
100 yards of first place in Lock and Key = | 

CU BSTLICE. cece creer cccrsccccceceevcceseves | 18 5 300 — 
First working place in Lock and Key........./ © <-19 3 ,000 | 0.67 
Face of headings in first panel......s.eeee6| Near 21 4,000 0.94 
Last place. in first panel...ccscccesccccceee | -.. 22 4,000 1.75 
First place in second panel....cccaccsecccece 27 3 ,000 0.79 
Last place in second panel.....scccsccccccee | Near 29 5 ,600 1.09 
First place in third panel.....ccsecccseenee| Near 34 10 ,800 0.71 
Face of Wally's heading in Wally's district. | Near 37 | © -6,800 1.78 
Last working place in Lock and Key district, | Near 37 6 ,800 2,29 
Return heading near faces in Wally's heading Near 39 | 6,800. 2.29 
Return of Lock and Key district om dip going oe 3 a : 

towards small Di Gi os MWe e-06:05.06 00 0500 Oe re | Near 43 22 ,200 1.29 
Return heading off Indian level going to |: eee | 

| Near 48 28 ,200 1.03 


level at bottom of main roof -up. @eovaeaeeee 


' TABLE 3. - Cross-sectional areas of airways (partial tabulation) 


‘Section or Cross-sectional areas in square! 


station feet, as measured at intervals 
No, &long section of airway Remarks 
eee mee ene ae 5h, 70 ‘ i Starting on east side 
a ae + - eee of down cast shaft. 
Pee ee re re ee ee 59.1, 49.6, 47 
J45Gas ae oes ene es —  ° 56, 57, 42.6 Near entrance to new 
| | — | | lower vein split. 
ere re er LO, 35.9, 40 Up along Lock. and Key 
ee et ake, | “main heading. 
Die sist ae es we ee eis: 42, 35.8, 33.2 | 
je uiedeneesees |. "Pete 595. 3octs tas | 
Tg bieleetieeaerea Sew ee a ews, 31.8, 43.8 
Orehagaciwite scokiteey: 32.8, 48, 41.7... .. 
Deevvessccevreeecee | 39; 50.37, 65.8 | Continuing up main Lock 
| | | i | and Key heading. 
LOcagedecediaerates 50, 35.6, 99.7 | _ 
Dl cicauce eamaeeeens 27.5, 35, 37.6 | 
Ee pie evieertae acy eel bie- wears 34.3, 33.6, 68.4 | 
Ne ey aheuestanee wie aoe , 48, 45, 86.0 | Station near first 
| level to left near 
| | haulage engine. 
3249 = 6-« 
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TABLE 3. - Cross- sectional areas of airways (rectis? tebuietion) (Cont: Gd.) . 


Section or — 


[ Gross-sectional areas. in square 


’ 


station . feet, as measured at intervals | 
No. section of airwa 
Ah cavend Bis ass Mee alee 32, 4, 33; 26. 6) . | hoe ey 
‘errr ree ee ee : 316, 39, 34 5 | | Along level a uf 
—— | present working — 
_ heading, 
VG seteedwen Ooetens 4h 6, ia 8. 36. a | 
LT ecasaVele areas a easgaes 25, 48, 52” | 
LB. cececcccesccecs 45, 34, 22 | 
VO gale oie ealeaares 36, 27.6, 34.7 
20 6.80562 Ka Snise wees 17, 23.4, 42.7 a places in first 
ane ae panel in Lock and Key 
ee | district. 

Olaor ee snows eae 20.5, 22.8, 38 do, . 
EL RE Te re 26.9, 28, 25.5 | do, : 
23 inckiaie aa bavereleertiesrs 28.5, 27, 33- Airway leading from 


first panel out to. 
main heading... . 


With reference to figure 1, apparent discrepancies. in rates of flow from 
point to point are accounted for by leakages in or-out.of the airways, which 
could not be detailed on a small'map. 


Interpretive Discussion 


An interpretive discussion accompanies the statistical and graphical ° 
report that the committee submits, as shown by the rs al from me | 
report on the ventilation of this "mine: : 2 : 


The quantity of air is well maintained up to Station 13... 
Just beyond this point there is a door at the entrance to the - 
level to the left side, and about 7,000 cfm of air pass through 
and around the door and along the level to the return airway. 7 
If this leakage was reduced to about 1,000 cfm a much (greater) © 
quantity of air would be available for "circulation round the. 
faces in the Lock and Key District. There is also about 2,000 
cfm leakago. through another door thirty yards above on the "Moin. 
Heading, but this leakage is not wasted as it supplements the 
quantity of air coming from the workings of the first panel of 
the district, 


‘The first panel of 13 places, No. 18 to 23 on plan (fig. 1) 
is ventilated by a quantity of 4,000 cfm. There is plenty. of. 
room for.the air to travel to all parts and the CH), content.in:. 
the gencral body is kept below 1 per cent, except in the last 
working places, between No, 2l ‘and 22 on plan, where due to lack 
of proper coursing of the air, the CH), concentration recorded 
was 1.75 per cent. This could casily be remodied. 
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The main heading of the first panel was very nearly con- 
necting out to the lowest stall in the second panel (No,. 27 on 
plan), and when this takes place it will reduce the length of 
the air circuit by 500 yarde. | 


-. The second panel of 12 places, Nos. 27 to 29 on plan, was 
well-ventilated. One very gcod feature in these first two panels 
of workings is the reduction of the Little Brass Seam exposure in 
the roof. in the past this seam gave off heavy blowers of gas. 


The airway from the Main heading to the parallel heading, 
between No. 29 and 30 on plan, is rough and emall in parts. - 
The size of the parallel heading is good for about 80 yards, 
but from there down to the entrance to the road leading to the 
next working road the heading gradually gets worse, both in con- 
dition and in size. This applies to a length of about 50 yards. 

{ 

It will be seen that the CH, given off in the third panel 
and in the three last working places, Nos. 34 to 37 on plan, 
raises the percentage of methane in the general body of the air 
from 0.71 to 2.29 in a quantity of 8,000 cfm. If ‘the quantity 
in circulation in these places was increased to 12,000 cfm, the 
percentage of gas would be reduced to around 1. ip) percent. This 
increase in ventilation quantity could be achieved if proper _ 
attention-is given to the leakages around the doors on .the Main | 
Heading (No. 13 on plan), already referrcd to, ; 

Apart from the righteangle benda, ‘the airway fram the faces 
towards the small pit (No.. 44 on plan) down.to the heading.off | 
Indian Level is in good condition. The pit itself is small, with 
sharp turns at the top and bottam,.and-. three thick lines acroas 
the airway at this part show that three-tenths of an inch of 
water gauge is used in see short length. 


The airway from here. down to Indian bevel ino. 46 on “plan) 
is satisfactory. The. level itself is good for about 80 yards 
outby. the bottom of the heading, but for the next 100 yards, 
between Nos. 46 and 47: on pian,: out to the bottom of the heading 
leading to the bottom of the Main.Roof-Up the.condition was poor, 
This is shown clearly by the number of black lines across the 
Level in this length. Along the heading to Station 48, which is 

the end of this circuit, the airway is very much better, although 
it should be much larger for the a a air passing, nanely, 
over 28,000 cfm, 


Detailed discussion of this type is submitted for the entire mine, with a 
rounded description of general ventilation arrangements that covers the charac- 
teristics and location of fans and includes a statement of their performances. 
The entire presentation is summarized, and conclusions -are drawn for use of the 
operating staff in its efforts to increase the effectiveness of the ventilation. 
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Environmental Surveys 


Full environmental surveys are made periodically at each colliery in 
addition to the ventilation surveys. Environmental surveys cover dry-bulb 
temperature, wet-bulb temperature, relative humidity, cooling power (by dry) 
kata), and effective temperature. Air samples and dust samples are taken at 
appropriate sectione. Instrumentation for these surveys includes konimeters 
and thermoprecipitators for dust sampling, kata thermometers and sling 
psychrometers. Survey data and criteria derived from them are tabulated in 
detailed reports, which the committee submits to the management of the 
colliery in question. Cooling power and effective temperature are shown 
graphically to signalize local improvements or impairments in conditions 
fron survey to survey. Results of dust sampling are included in the tabu- 
lations with notations as to what productive equipment is used in each 
place and the working arranzements. Particular attention is given to methods 
used for dust suppression, 


Environmental standards are maintained by the committee to cover work in 
coal or rock. Any defective condition revealed by the environmental surveys 
is called to the attention of the management of the colliery by the committee 
in submitting its report. The management is expected to study the detailed 
report as a help in improving conditions on its own initiative, in addition to 
acting on recommendations of committee engineers, one of whom checks on observ- 
ance of recommendations a few weeks after tho report has been submitted and 
makes additional rccommendations as indicated by his reexamination. A stated 
Objective of the program is expressed as a slozan; "Treat all dust as gas," 
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